Abstract. We investigate the smoothness properties of local solutions of the nonlinear Stokes problem
where v: Ω → R n is the velocity field, π: Ω → R denotes the pressure function, and g: Ω → R n represents a system of volume forces, Ω denoting an open subset of R n . The tensor T is assumed to be the gradient of some potential f acting on symmetric matrices. Our main hypothesis imposed on f is the existence of exponents 1 < p ≤ q < ∞ such that
holds with suitable constants λ, Λ > 0, i.e. the potential f is of anisotropic power growth. Under natural assumptions on p and q we prove that velocity fields from the space W 1 p,loc (Ω; R n ) are of class C 1,α on an open subset of Ω with full measure. If n = 2, then the set of interior singularities is empty.
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Introduction
Given a bounded Lipschitz domain Ω ⊂ R n , n ≥ 2, and a system of volume forces g: Ω → R n together with a boundary function v 0 : ∂Ω → R n , the Stokes problem in the classical formulation reads as follows (see [La] , p. 35): find a velocity field v: Ω → R n and a pressure function π: Ω → R such that the following system of equations is satisfied Vol. 5 (2003) Variants of the Stokes Problem: the Case of Anisotropic Potentials 365
(1.1)
Here ν denotes the kinematic viscosity which is assumed to be constant. For a detailed overview concerning the existence and regularity of solutions (even in the case of unbounded domains) we refer to the monograph [La] of Ladyzhenskaya. The velocity field v solving (1.1) is easily seen to be the solution of the minimization problem
where C represents the class of all solenoidal vector fields with trace v 0 on ∂Ω, and where f denotes the quadratic potential f (ε) = |ε| 2 . (For simplicity we let ν = 1, and ε(u) is the symmetric gradient of u: Ω → R n .) A natural extension of problem (1.2) arises when we consider more general convex potentials f which immediately leads to corresponding nonlinear variants of equation (1.1). As a rule, the question of existence of minimizers can be easily settled by working in appropriate energy classes and by using Korn's inequality but the question of regularity becomes much more delicate: since we are in the nonlinear vector-valued setting, only partial regularity results can be expected, if n ≥ 3. Before going into details, let us first look at some examples.
Power growth potentials f fall into the class of models proposed by Ladyzhenskaya in [La], p. 192 . Roughly speaking, we require f to satisfy
with positive constants λ, Λ and with some exponent p > 1. Of course, (1.3) is some kind of uniform ellipticity estimate which is required to be valid for all symmetric (n × n)-matrices. A typical example is given by f (ε) = (1 + |ε| 2 ) p/2 , and for this potential the solution v of (1.2) represents the stationary flow of a "power-law fluid" with small velocity. Another example of this category arises if we let (see e.g.
with numbers µ 0 , µ ∞ > 0 and p > 1.
In [Fu] and [FS1] the following results on the regularity of minimizing velocity fields were established: let (1.3) hold with p ≥ 2 and consider the solution u of (1.2) to be sought in the Sobolev-space W 1 p (Ω; R n ). Then, if n ≥ 3, there exists an open subset Ω 0 of Ω with full measure such that u ∈ C 1,α (Ω 0 ; R n ) for any 0 < α < 1, i.e. we have partial C 1 -regularity (compare [FS1], Chapter 3, Theorem 3.1.3 and 3.1.4). In the twodimensional case together with p = 2 (this includes the Powell-Eyring model, see [PE] ) the singular set is empty, we again refer to [FS1], Chapter 3, Theorem 3.3.2. The case 1 < p < 2 was treated in [Re] (see also [FR] ): for n = 2 there are no singular points, in case n ≥ 3 with p ≥ 2 − 4/n
